The dependence of Round Trip Time (RTT) on Signal to Noise Ratio (SNR) for multiple users in an IEEE 802.11b Wireless Local Area Network (WLAN) was studied in this work. Data collected in open corridor, small offices and free space environments in an infrastructure based network (where different quality of service traffic were continuously being sent by multiple users) was used to develop and validate Multiple User RTT models predicted from computed SNR.The models were also compared with single user models earlier developed. The tests results show that for multiple users on the network, RTT can be predicted from the computed SNR with reasonable accuracy as the models passed the F and T test at 0.1% level of significance and RMS errors of less than 867.378214ms were observed. During network design and installation, these models provide useful tools that can enable IEEE 802.11b WLAN installers to make fast and better informed RTT decisions.
WLANs are at the fore front in providing convenient access to the internet within organizations (Oghogho and Ezomo, 2013) . Research has shown that throughput and RTT are the two most important metrics for determining WLANs performance (Geier, 2008a) . A minimum throughput and a maximum RTT is necessary and must be satisfied by a network to ensure acceptable performance (Geier, 2008b) . RTT has been defined as the time required for a signal pulse or packet to travel from a specific source to a specific destination and back again ( Ali and Khuder; 2012) . RTT depend on the throughput of the source connection and several other factors namely (El Miloud et al., 2013) : (i) the nature of the transmission medium (ii) the physical distance between the source and the destination. (iii) the number of nodes between the source and the destination. (iv) the amount of traffic on the LAN (local area network) to which the end user is connected. (v) the number of other requests being handled by intermediate nodes and the remote server. (vi) the speed with which intermediate nodes and the remote server function. (vii) the presence of interference in the circuit. Most of these factors on which RTT depend (like the throughput of the source connection and factors (ii), (vi) and (vii) as listed above) are also directly related to the SNR present (Oghogho, 2018; Geier, 2008a; Geier, 2008b; Domenico and Stefan, 2011) . Throughput in WLANs has been predicted directly from the computed SNR by Henty, (2001); Oghogho et al.,(2014a) , Oghogho et al., (2014b) Oghogho et al.,(2015a) , Oghogho et al.,(2015b ), Oghogho, (2017 , Oghogho et al., (2017) , Oghogho et al.,(2018) . Just as is the case for the throughput, several work including Li et al., (2009 ), El Miloud et al., (2013 , Zobenko et al., (2014 ), Stephen, (2013 , Nafei et al., (2013) , Domenico and Stefan, (2011) , Kavidha and Sadasivam (2010) exist that also studied and predicted the RTT. However, these researches do not directly model RTT from the observed SNR only. Oghogho (2018) showed that since RTT depends on several factors which are themselves directly dependent on the measured received signal strength indication from which SNR is computed, RTT can be modelled directly from the computed SNR for a single user on an IEEE802.11b WLAN. However no such work has been done for multiple users on the network. This paper seeks to fill this gap.
MATERIALS AND METHODS
The methods used in Oghogho, et al., (2014a) and Oghogho, (2018) were also used in this work except that multiple users RTT data was collected instead of Throughput data as done in Oghogho et al., (2014a) . Also multiple users RTT data was collected instead of single user RTT data as done in Oghogho, (2018) . The number of users was chosen as seven due to the work of Wu et al.,(2011) where seven users represented saturation traffic where each client always has a packet to send. Multiple Users RTT models predicted from SNR were statistically developed and compared with validation data for: (i) All signals considered, (ii) Strong signals (SNR>25dB) only, (iii) Grey signals (25dB>SNR>18dB) only (iv) Weak signals (SNR<19dB) only. The multiple users models developed were also compared with single user models earlier developed and their performances were tested by computing the RMS errors,"F" and "t" tests.
RESULTS AND DISCUSSION
Multiple Users RTT field and validation data statistical parameters are shown in Table 1 for different SNR categories. In Fig. 1 , averages and standard deviation of multiple users RTT field data have been plotted against SNR. From Table 1 , it can be observed that the standard deviation is high even when signal was strong implying that RTT varies considerably for multiple users on the network. This is a deviation from what was observed for single user on the network as reported by Oghogho (2018) where the observed RTT standard deviation was low.The increase in standard deviation at the boundary (SNR=25dB) between strong and grey signals can be noticed on Figure 1 . For the RTT multiple users data statistics presented in this work, greater means, standard deviations and variances for RTT were observed for all signal ranges compared with single user data statistics presented by Oghogho (2018) . Table 3 shows the root means square (RMS) errors, the F-distribution and T test results. H0 was rejected for all cases and all the models were accepted at 1% level of significance at the respective degrees of freedom. This implies that for multiple users on the IEEE 802.11b WLAN, RTT significantly depends on SNR computed and the models developed can predict RTT from computed SNR within reasonable accuracy. Table 4 shows comparison of the multiple users RTT models developed in this work with the similar single user RTT models developed by Oghogho (2018) . This happened because for multiple users, when signal has become weak the variability of RTT becomes very high as seen in the high standard deviation (813.6792ms) computed from the weak signal RTT field data statistics in Table 1 . Thus for weak signals, the general model (RTTGMUM) should be used for RTT prediction. Figure 2 shows the plot of RTT validation data along with the General RTT multiple users model (RTTGMUM) and Oghogho 2018 Single User General RTT model. The graph shows clearly that the RTTGMUM developed in this work follows the validation data more closely. This was already proven from the computed RMS error in Table4. Figure 3 -5 shows plots of RTT validation data along with the developed models for strong, grey and weak signals respectively. 
